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In the present work, we estimate the decays of the X(5568) and X(5616) in a B ¯K and a B∗ ¯K S -wave hadronic
molecule scenarios, respectively, which may corresponding to the structure observed by D0 Collaboration. Our
estimation indicates both B ¯K and B∗ ¯K hadronic molecule decay widths could explain the experimental data in
a proper model parameter range.
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I. INTRODUCTION
Very recently, the D0 Collaboration observed a new nar-
row structure in the B0sπ± invariant mass spectrum, named
X(5568), the mass and width of the structure are 5567.8 ±
2.9(stat)+0.9−1.9(syst) MeV and 21.9± 6.4(stat)+5.0−2.5(syst) MeV, re-
spectively [1]. The observed channel indicates the isospin
of the X(5568) is 1. If the structure decays into B0sπ± via a
S−wave, the quantum numbers of the X(5568) are JPC = 0++.
As indicated in Ref. [1], the observed structure may decay
through the chain B0∗s π0, B0∗s → B0sγ, in which the soft photon
may not be detected since the mass gap of B0∗s and B0s is less
than 50 MeV. In this case, this structure decays into B∗0s π±,
and the mass of the structure should be shifted by addition of
the mass difference of B∗0s and B0s , which is about 5616 MeV,
while the width remains unchanged. This structure would be
named X(5616) with the quantum number JPC = 1++ if it cou-
ples to B0∗s π± via the lowest S−wave.
The quark components of the B(∗)0s and π± are ¯bs and u ¯d/u¯d,
respectively, thus X(5568) is a kind of structures with four dif-
ferent flavors of quarks, which is observed for the first time.
This peculiar property of the X(5568) indicates that it could
not be a conventional meson formed by a quark and a anti-
quark. For a system composed of two quarks and two an-
tiquarks, the color factorization property of the system indi-
cates a two-mesons deuteron-like hadronic molecule struc-
ture. Some newly observed hadron states have been exten-
sively investigated in hadronic molecule scenario. For ex-
ample, in Refs. [2–6], the properties of the Y(4260) were
studied, in which the Y(4260) were assigned as a DD1(2420)
molecule. Similarly, the masses and decay behaviors of the
Zc(3900)/Zc(4020) and Zb(10610)/Zb(10650) were estimated
in the D∗ ¯D+h.c/D∗ ¯D∗ and B∗ ¯B+h.c/B∗ ¯B∗ hadronic molecular
pictures, respectively [7–14].
As for the discussed X(5568) or X(5616), we can find that
this structure could be decomposed into a bottom-strange me-
son and a light meson or a bottom meson and a strange me-
son. For the former case, the bottom-strange meson and light
∗Corresponding author
†Electronic address: chendy@impcas.ac.cn
meson could not interact by exchanging a conventional quark-
antiquark meson and form a bound state. While for the later
case, the bottom and strange mesons could form a hadronic
molecule state by exchanging a proper light meson. We no-
tice that the thresholds of B ¯K and B∗ ¯K are 5777 and 5822
MeV, respectively [15]. The observed masses of the X(5568)
and X(5616) are about 200 MeV below the thresholds of B ¯K
and B∗ ¯K, respectively. Thus, we can assign the X(5568)
and X(5616) reported by the D0 Collaboration as a deeply
bounded B ¯K or B∗ ¯K hadronic molecule state with I = 1,
which is different with the one discussed in Ref. [16].
To further check the possibilities of the X(5565) and
X(5616) as a B ¯K and a B∗ ¯K hadronic molecule state, we study
the strong decays of the B ¯K and B∗ ¯K hadronic molecule states
in present work. Due to the kinematic limit, the X(5565) and
X(5616) can only strongly decay into Bsπ and B∗sπ, respec-
tively, which is the observed channel of these states. The ap-
proach for describing and treating the deuteron-like hadronic
molecule state has been proposed in Refs. [17, 18] and devel-
oped in Refs. [19–21]. This approach has been widely used
to study the decay behaviors of the hadronic molecule [5, 12–
14, 19–23].
This work is organized as follows: The molecule structure
of the X(5568) and X(5616) and their decays are present in
the following section. The numerical results and discussions
for the decays are presented in Section III, and Section IV is
dedicated to a short summary.
II. HADRONIC MOLECULE STRUCTURE OF THE
X(5568) AND X(5616) AND THEIR DECAYS
hadronic molecule structure.— In the present work, we
consider the X(5568) and X(5616) as hadronic molecules with
I = 1, represented by a B ¯K and B∗ ¯K S−wave bound state,
respectively. The JPC quantum numbers of the X(5568) and
X(5616) are 0++ and 1++, respectively. The interactions of
the hadronic molecule states with their components could be
2X(5616)+ X(5616)+
B∗+
K¯0
(a) (b)
X(5568)+ X(5568)+
B+
K¯0
FIG. 1: The mass operators of the X(5568)+ (diagram (a)) and
X(5616)+ (diagram (b)), where X(5568)+ and X(5616)+ are assigned
as the B+ ¯K0 and B∗+ ¯K0 hadronic molecule, respectively.
described by the effective Lagrangian, which are
LXBK = gXBKX+(x)
∫
dyΦX(y2)B+(x + ωKBy)
× ¯K0(x − ωBKy),
LX′B∗K = gX′B∗K X′µ(x)
∫
dyΦX′(y2)B∗+(x + ωKB∗y)
× ¯K0(x − ωB∗Ky), (1)
where X and X′ refer to X(5568) and X(5616), respectively.
ωi j = mi/(mi + m j) is the kinematical parameter. The corre-
lation function Φ(y) is employed to describe the distributions
of the molecular components in the hadronic molecule and
to render the Feynman diagrams ultraviolet finite as well. In
the present calculations, a Gaussian form of the correlation
function is adopted, which has been widely used to investi-
gate the hadronic molecule decays [5, 12–14, 19–23]. The
Fourier transform of the correlation function ˜Φ(PE) is in the
form,
˜Φ(PE)=˙exp(−P2E/Λ2) (2)
where PE is the Jacobi momentum in the Euclidean space, and
Λ is a model parameter which characterizes the distribution of
the components in the hadronic molecule. The concrete value
of theΛ should be of order 1 GeV and dependent on a different
molecular system [5, 12–14, 19–23].
The coupling strength of a hadronic molecule to its com-
ponents could be evaluated from the compositeness condition
[17, 18], in which the renormalization constant of a compos-
ite particle wave function is zero. As for the discussed scalar
hadronic molecule, X(5568), the renormalization constants is
ZX ≡ 1 − Σ′X(m2X) = 0, (3)
where, Σ′X(m2X) is derivative of the mass operator of the
X(5568), which is presented in Fig. 1-(a). The concrete form
of the mass operator of the X(5568) is
ΣX(5568) = g2XBK
∫ d4q
(2π)4
˜Φ
2
X[−(q − ωBK p)2]
× 1(p − q)2 − m2K
1
q2 − m2B
. (4)
As a pseudo-vector hadronic molecule, the mass operator
of the X(5616) includes the transverse and longitudinal com-
ponents, which is,
Σ
µν
X′ (p) = gµν⊥ ΣX′ (p2) +
pµpν
p2
Σ
L
X′(p2), (5)
with gµν⊥ = gµν − pµpν/p2. The ΣX′(p2) and ΣLX′ (p2) are the
conventional transverse and longitudinal components, respec-
tively. As shown in Fig. 1-(b), the mass operator of X(5616)
is
Σ
µν
X(5616) = g
2
X′B∗K
∫ d4q
(2π)4
˜Φ
2
X′[−(q − wB∗K p)2]
× 1(p − q)2 − m2K
−gµν + qµqν/m2B∗
q2 − m2B∗
. (6)
The compositeness condition of the X(5616) indicates
ZX′ ≡ 1 − Σ′X′ (m2X′) = 0. (7)
Decays of the hadronic molecule.— We calculate the
hadronic molecule decays in an effective Lagrangian ap-
proach. The Lagrangians related to the bottom mesons and
the light mesons are[24–26],
LB(∗)B(∗)V = −igBBV B†i
↔
∂µ B j(Vµ)ij
+igB∗B∗V B∗ν†i
↔
∂µ B∗ jν (Vµ)ij
+4i fB∗B∗V B∗†iµ (∂µVν − ∂νVµ)ijB∗ jν , (8)
LB(∗)B∗P = −igB∗BP( ¯B∂µPB∗µ − ¯B∗µ∂µPB)
+
1
2
gB∗B∗Pǫµναβ ¯B∗µ∂νP
↔
∂ αB∗β,
where B(∗)† = (B(∗)−, ¯B(∗)0, ¯B(∗)0s ) and A
↔
∂ B = A∂B − B∂A.
The V and P are the matrixes of the vector nonet and the
pseudoscalar nonet, i.e.,
V =

1√
2
(ρ0 + ω) ρ+ K∗+
ρ− 1√
2
(−ρ0 + ω) K∗0
K∗− ¯K∗0 φ
 , (9)
P =

π0√
2
+
η8√
6
+
η1√
3
π+ K+
π− − π0√
2
+
η8√
6
− η1√
3
K0
K− ¯K0 − 2η8√
6
+
η1√
3
 . (10)
The interaction between strange mesons and pion constructed
by hidden local gauge symmetry is [27],
LK∗Kπ = −igK∗KπK∗†µ ~π · ~τ
↔
∂ µK, (11)
where ~τ is the Pauli-Dirac matrix and ~π is the pion isospin
triplet. The K and K∗ are the doublets of pseudoscalar and
vector strange mesons, respectively.
As a B ¯K hadronic molecule, the X(5568) state can decay to
B0sπ+ via S-wave. The amplitudes corresponding to the dia-
3X
K¯0
B+
K∗−
B0s
pi+
X
B+
K¯0
B∗0
B0s
pi+
(1) (2)
FIG. 2: Diagrams contributing to process X(5568) → B0s π+.
grams in Fig. 2 are
M1 = (i)3
∫ d4q
(2π)4
[
gXBK ˜ΦX(−P212)
]
×[ − i√2gK∗Kπ(ipµ1 + ipµ3)][ − igBBV(ipν2 + ipν4)]
× 1
p21 − m21
1
p22 − m22
−gµν + qµqν/m2q
q2 − m2q
,
M2 = (i)3
∫ d4q
(2π)4
[
gXBK ˜ΦX(−P212)
]
×[igB∗BP(−ipµ3)][ − igB∗BP(ipν2)]
× 1
p21 − m21
1
p22 − m22
−gµν + qµqν/m2q
q2 − m2q
, (12)
where P12 = p1ω21−p2ω12. The total amplitude of the process
X(5568) → B0sπ+ is
MtotX→B0sπ+ =M1 +M2, (13)
and the decay width of X → B0sπ+ is
Γ(X(5568) → B0sπ+) =
1
8π
|~p|
m2X
|MtotX→B0sπ+ |
2. (14)
X ′
B∗+
K¯0
B0
B∗0s
pi+
X ′
B∗+
K¯0
B∗0
B∗0s
pi+
X ′
K¯0
B∗+
K∗−
B∗0s
pi+
(1) (2) (3)
FIG. 3: Diagrams contributing to process X(5616) → B∗0s π+.
The X(5616) state can decay to B∗0s π+ via the triangle dia-
grams presented in Fig. 3. The corresponding amplitudes are
M1 = (i)3
∫ d4q
(2π)4
[
gX′BK ˜ΦX′(−P212)
]
×[ − igB∗BP(−ipµ3)][igB∗BP(ipν2)]
×−g
φµ
+ pφ1 p
µ
1/m
2
1
p21 − m21
1
p22 − m22
1
q2 − m2q
,
M2 = (i)3
∫ d4q
(2π)4
[
gX′BK ˜ΦX′(−P212)
]
×[1
2
gB∗B∗Pǫµναβ(−ipν3)(ipα1 + iqα)
]
×[1
2
gB∗B∗Pǫητρσ(ipτ2)(iqρ + ipρ4)
]
×−g
φβ
+ pφ1 p
β
1/m
2
1
p21 − m21
1
p22 − m22
−gµσ + qµqσ/m2q
q2 − m2q
,
M3 = (i)3
∫ d4q
(2π)4
[
gX′BK ˜ΦX′(−P212)
]
×[i√2gK∗Kπ(ipµ1 + ipµ3)][igB∗B∗Vgρτ(ipη2 + ipη4)
+ 4i fB∗B∗V (iqρgητ − iqτgηρ)]
× 1
p21 − m21
−gφτ + pφ2 pτ2/m22
p22 − m22
−gµη + qµqη/m2q
q2 − m2q
, (15)
where P12 = p1ω21 − p2ω12 and the total amplitude of process
X(5616) → B∗0s π+ is
MtotX′→B∗0s π+ =M1 +M2 +M3, (16)
and the decay width of X(5616) → B∗0s π+
Γ(X(5616) → B∗0s π+) =
1
3
1
8π
|~p|
m2X′
|MtotX′→B∗0s π+ |2. (17)
where the overline indicates sum over polarizations of vector
mesons.
III. NUMERICAL RESULTS AND DISCUSSIONS
The coupling constants of the bottom mesons to the light
mesons could be evaluated by heavy quark limit and chiral
symmetry [24]. the coupling constant gB(∗)B∗P is related to a
gauge coupling constant g by
gB∗B∗P =
2g
fπ , gB∗BP =
2g
fπ
√
mB∗mB , (18)
where fπ = 132 MeV is the pion decay constant and g = 0.44±
0.03+0.01−0.00 is determined by the lattice QCD calculation[28].
The coupling constants concerning to the bottom mesons and
the light vector mesons are [29, 30],
gBBV = βgV/
√
2, gB∗B∗V = βgV/
√
2, fB∗B∗V = λmB∗gV/
√
2,
(19)
4where the gauge couplings β = 0.9, λ = 0.56 GeV−1, and
gV = mρ/ fπ. We use the same gK∗Kπ strong coupling constants
as used in Ref. [27],
gK∗Kπ = 3.21. (20)
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FIG. 4: The Λ dependences of gXBs K (left column) and gX′B∗s K (right
column).
Besides the coupling constants listed above, we estimated
the coupling of gXBsK and gX′B∗sK via compositeness condition
presented in Eqs. (3) and (7). The Λ dependences of the cou-
pling constants gXBK and gX′BK are presented in Fig. 4. Both
gXBsK and gX′B∗sK decline with the increase of Λ in our con-
sidered Λ range, which is 0.2 ∼ 0.6 GeV for the X(5568) and
0.6 ∼ 1.8 GeV for the X(5616).
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FIG. 5: Decay width of process X(5568) → B0sπ+ depending on Λ,
while the blue band is the total width of the X(5568).
The partial width of X(5568)+ → B0sπ+ is presented in
Fig. 5. It varies from 5.2 to 46.7 MeV with the variation
of Λ from 0.2 to 0.6 GeV. The blue band is the total width
of the X(5568) [1]. The overlapped Λ range is 0.31 GeV ∼
0.46 GeV. We present the partial decay width of X(5616) →
B∗0s π+ in Fig. 6. It varies from 7.9 to 39.0 MeV with the in-
creasing of Λ from 0.6 to 1.8 GeV. The constrained Λ range
is 0.89 ∼ 1.43 GeV. As shown in Figs. 5 and 6, the partial
widths of X(5568) → B0sπ+ and X(5616) → B∗0s π+ depend on
the model parameter Λ. Our calculations indicate that both
constrained Λ ranges are of order 1.0 GeV, which are in ac-
ceptable range.
There is another possibility that the experimental X(5568)
structure contains two states, i.e, the X(5568) and X(5616),
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FIG. 6: Decay width of process X(5616) → B∗0s π+ depending on Λ.
The blue band is total decay width of the X(5616).
which would overlap in the Bsπ invariant mass spectra. In
this case, the present experimental measurement could not
distinguish this two states [1]. However, the X(5616) state
can radiatively transit into B∗s and Bs, while the X(5568) can
only decay to B∗sγ. The future experimental measurements of
the radiative decays of the neutral X(5568) and X(5616) could
provide us more information about the structure observed by
the D0 Collaboration [1].
IV. SUMMARY
To summarize, we interpret the newly observed structure
X(5568) and X(5616) as S−wave deeply bound state of B ¯K
and B∗ ¯K, respectively. With an effective Lagrangian ap-
proach, we estimate the partial decay widths X(5568) → B0sπ+
and X(5616) → B∗0s π+. Our results indicate both explana-
tions could be acceptable since the constrained model param-
eter Λ are of order 1.0 GeV. Since both BK and B∗K hadronic
molecule could exist in the structure observed by D0 collabo-
ration [1], we propose to study these states by radiative decay
experimentally, which would help us to further understand the
observed structure in the Bsπ invariant mass spectrum by the
D0 Collaboration [1].
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